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(54) An endoscopic surgical Iretrument 

(57) An endoscopic o^cal instrument (1 42) com- 
prising a coniiot section and an insertion section, the 
IrBertion section tiaino adapted to b% inserted Into a 
patient through a smaH incision (180); wherein the inser- 
tion section (14Q oompiises a forearm linlc (174), a 
wrist link (172) and an end effector (170), wherein the 
forearm link (174) has a proodmal end, a distal end and 
a forearm a^ds extending longitudinally from the proxi- 
mal end of the forearm linlc (174) to the distal end (A the 
forearm llnic (174). the vvrist link (172) has a pRsdmal 
end and a distal end and a wrist axis extending from the 
prcDdmal end of the forearm link (174) to the cfistal end 
of the forearm link (174), the proximal end of the fore- 
arm Enk (174) is connected to the control section (143), 
the distal end of the fbrearm Gnk (174) Is connected tea 
pivotal wrist joim. and the prodmal end of the wrist link 
(172) is connected to the pivotal wrist ioint and thedistBl 
end of the wrist fink (172) is connected to the end eff^ 
tor (170), characterired in tftat the control sectkai com- 
prises a plurality of control motors and Unkagas (182. 
184, 186b 188) adapted to operate the Insertfon section 
with at least five degrees of fhaedom Inducing: insertion 
and retraction of a forearm fiifc (174) along the torrarm 
axis ani Buough Hib small Indsbn (180); rolatfon of the 
forearm M (1 74) about the forearm axis; pivotal motion 
of the forearm link (1 74) atxxjl a first pivotal soa& and a 
secorvJ p^otaJ axis which are parpendjoiter to each 
other and intmect the forearm axis at a pivot point 
BcQacent the small bidston (160)*, and pcvotal nvtion of 
a wrist ink (1 72) retafive to the forearm fink (1 74). 
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Dascffptton 

TTtis invenfion relates to an e n d o sc op ic surgical 
instrument. 

Teleoperating. wHch is wefl known. Niudes the 
human p&fonnance of tasks at a renote location using 
manfpi^tora Telepresenoe includes prwkfing the tela- 
o pe f a lof with the same feedback and control that he 
wouU have were he actually at the worksite carrying out 
the opara&sn with his own hands. TelflpreGance opera- 
tion generally includes use of a stationary visual display, 
particularly a stereograpMc vteuai dtepUiy of the remote 
workspace. Stereoscopic telerimn systems are wel 
known as shown, for ocamplei In US Patent Numbers 
4.562,463 and 4,583,117 and in UK Patent Appicatkm 
G3 2,040.134. 

Remote man^)ulatQrs errpioying dereosoopfc TV 
viewing together with force feedback ato are well 
known as shown, for example, in an article entiHed. 
"OontnoOing Remote Man^pula^ Through Kinesthetic 
Coipllng.' Bejciy el al. Computers In Mechanical Ehgh 
neerfng, J^ly 1983. pps. 48-60. and in an article entitled. 
"Ster^ AcKontage for a Peg-ln-Hde 1^ Iteing a 
Force-Feedback Mar^HJIator' by E.H. Spaia SPiE 
12^ Sta'eoscopte Di^>iays and Applicatkra; 1990. 
pps. 244-254w In the Beiczy et al artida. force-torque 
feedtettkisdtodosed. Also; in US Patent Na 3,921 ,445, 
a martipuSator which indudee force, torque and sl^ sen- 
sors of a type which may be emptayed with tlie present 
inv^lion ^ shown. 

A tala-axistBnce master slam ^stem is disdosed 
in an artide entitled Tele-Esdstence Master Slave Sys- 
tem for Remote Man^sulation 00** "TBchl, el al.. Pro- 
ceedings off the 29th Conference on Decision and 
Control, Aft)l. 1 of6.ppL 85-90. Hie system comprises a 
master system with a visual and auditory sanction of 
presence; computer control system and an ajithropo- 
morphte steve robot mechanism with an arm having 
seven degrees of freedom. The opeialoi^ head and 
arm movements are measured tsy the master motion 
measurement system In real tima Signals are then sent 
to tour computers which generate a command position 
of the slave head and arm rrKivaments to conesporKl 
with the operator's head and arm movements. 

Acoordir^ to one asped of the inventkyi there is 
provided an endoscopic surgk») instrument comprising 
a control secSon and an insertion eectiori, the irrcrtion 
section being adspled to be ir^erted ihto a pafient 
Ihrouflfi a small inddon to a location adjacent a work- 
site in the patient; 

wherein the ins&lion section conv^ses a fore- 
arm link, a wrist ink and an end enector. wherein the 
forearm Qnk has a proodmal end, a dstal end ani a fare- 
arm axis extend ng ton^tixSnally from the praodma! end 
of the forearm link to the dstal end of the forearm Dnk, 
the wrist link tw a proximal &)d and a JiUol &ti and a 
wrist axis extendng from the proximal end d the fore- 
ann Qnk to the distal end of ttie fdrearm Unk the prood- 
mat end of the forearm link is connected to the control 



sectior^ the cfislal end of the forearm link is connected to 
a pivotal wrist joint, and the proxirnal end of the wrist ink 
is con n ected to the pivotal wrist Joint and the (istel end 
of the wrist ink is conneded to the end dfector, charao- 
5 terized In ttiatt 

the contrd section conpriees a piurafrty of contrd 
motors and linkages aitepted to operate the inser- 
tion sedksn with at least five degrees off freedom 

10 Mufing: 

ins^lkxi and retractkffi d the forearm link along the 
forearm axis and through the small Indskxi; 
rotation of the forearm fink about the forearm axis; 
pivotal motfan of tiie fbrearm Dnk atsout a first pi^ 

15 otal axis and a second pivoial axte wfiich are per^ 
pendicular to each other and intersed the forearm 
axis at a pivot pdnt acQuent ttie smai indsion: arxf 
pivotal motion of the wr^ ink relative to the fbre- 
arm iMc 

so 

Aocoidino to aratlier aspect of the Invention there 
is prcxnded an endoscopic ^r^cal Instrument cornprls- 
ing an insertion section and a contrd section, the inser- 
tkxi sedkxi being adapted to be inserted Into a patient 

25 through a smaD kKiskyi to a tocation adjacent a work- 
site in the patient 

wherein the insertton section conprises a fore* 
arm link, a wrist link and an end elfector; wfterdn ihe 
forearm Imk has a proximal end, a distal end and a fore- 

30 arm ans extendirtg longitucfinaBy from the proxin^ end 
of tfieforeann to ttia dstal end of the forearm; ttie wrist 
link has a proxin^ end and a dtetal end and a wrist axis 
extendfrig from the proxtoul erxf off the forearm to tiie 
dtetal end of the forearm; tiie proodmal end of the fore- 

3S arm link is conneded to the control section^ the dstal 
eraj of tiie forearm link is coraneded to a pivotal wrist 
joint; and the proximal end of tiie wrist link is connected 
to tiie pivotal wrist joint and the dstal end of the wrist 
link connected to the end effector, diaraderized in that 

40 

the contrd section oonpriseK 

means w inserting ano reuacvig me lorearm mx 

doTQ the forearm axis anf tfnough tiie small Ind- 

eion; 

4S mearts for rotating ttie forearm link about the fore* 
arm axis; 

means for plaiting tt)e forearm link id)out a fird piv^ 
otal axis and a second pivotal axis whfch are per- 
pendicular to each dher and intefsed the lorearm 
so axte at a pivot point acQacenI tiie smaiindsion; and 
means d pivoting the wrist fink relative to the fbr^ 
arm ink 80 as to control the ande between the fore> 
arm axis arai the wrist axis. 

55 thus manipdators focated at a worksite are oorv 
trdled \xf handoperated means at a remote operator 
control station. Ervi effectors at tiie manipulators are 
used for mankxilating cbieds locatedlnawodapaceat 
the worksite^ and force-torcpie f ee dbadk is erriployed for 
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transmittinQ back to W op&ator mechare^ 
enoouTtered ty the end eifetitars. Stereographic visual 
display maais profMa the operator wHh an Ima^ 
wQikgpace. In accordance with the present invention, 
the Image Is located ac|acent the hand^iparatBd means 5 
so that the operator Ux^ in the direction ol the hand- 
operated m^ns for vteMvfng the image ac^Bcent the 
hand-operated means. Either a real or virtual knage of 
the workspace may be provided acQacent the hand- 
operated means. D^pi^ m^ns fos dSspisy o! a real w 
image may be locat e d adjacent the liarvlHsperated 
means for drect viewing of the real image k>y the opera- 
tor. For display of a virtual image of the workspace, a 
nwror is located between the operator^ eyes and the 
hand-operatsd mean& ki this case^ (fisplay means pro- 75 
vide a real image which is Inverted from top to KxiUoivv 
which irwertad Image is viewed via the minor, which 
nrrinror inverts the image and provides the operalor with 
a virtual inrage of the worl^aace^ wtiich appears to be 
located adjacent the hand-operated mears. By locating 20 
the image of the workspace adjacent the hand-operated 
means the operator is provided with a sense that the 
end efiectors and handKSperated means are sUbslan- 
tIaOy Integral deqslte the fed the ervi effectors are 
located at the wrksite and the hand^sperated means 25 
are located at the r&note operator^ statioa A stereo- 
phonic sound system may t>e included to provide the 
operator mth stereophonic sound from the worksite. 
Video camera means are provided for viewing the work- 
space from whfeh an image of the workspace is so 
obtained VSvfous other sensors and assodated 
responders m^ be focated at ttie workEite ard opera- 
tor^ station, respective, for transmission of pressure, 
tactile, heat, vibratton and similar information for 
enfiarKod telepresence cperation. 35 

Depenf ng upon the applfcafiorv dfflerent scalhg 
rr^iy t)e provided in the transmission of information 
tMlween the operator^ station and worlcEita F=br exam- 
ple, tor microassembly. microsurgery and ID® opera- 
tione involving smal part manipulation, optical and/br 40 
video magnification may l>e employed to provide an 
enlarged 3<fimenGtonal image tor viewring by tfte opera* 
tor. With ^mSar seeing between the hard operated 
means and manipulators, the perception of the operator 
is substantially that whfch a mtolatUTB operator wouki 4S 
have ware he at the worteita. 

BRIEF DESCRIPTION Of THE DRAWINGS 

lha inventkm, together with other objects arxJ so 
advantages thereof, will be better ifxferstood from the 
foUovring descrfHion con^^^ with the acconpanying 
drawings, it wffl be understood that ttie drawings are for 
puq)06ee of illustration and exarnpto only; and that the 
inveritfonlsriGtlrrftedthereta httiectawfngSfeWfierein ss 
like reference characters refer to tfie same parts in the 
several vIowSi 

Rg. 1 is a diagrammatic showing of a teieoperator 



system en'todying tt)e pres&rt invention including 
&de elMtttonal views of a worksite and remote 
control operator^ station; 

Fig. 2 is an enlarged rear ele^tional view of 9ie 
operator^ stalton taken substantially along line 2-2 
of Figure 1; 

Rg. 3 ^ an enlarged rear elevatformi view of the 
worksite taken substantialy along line 3-3 of Figure 
1: 

Fig. 4 is a simi^led sfoe etovattonal view which is 
similar to Figure 1 and showing dmensionat rela- 
tionships t>etween elements at the worlclte and 
dements at the operator's station; 
Rg. 5 is adiagrarrvnaticvlew to ilustiBte visual per- 
c^on by a miniature virtual eye. and Ftg. 6 ie a 
diagrammalto view to iOustiate visual perception t)y 
the operalor when Irrage magnificallon is 
employed; 

Rg. 7 is a diagrammatk: view whfoh Is sintilar to that 
of Fig. 1 but showing the teieoperator system used 
for telepresence surgery: 

Rg. 8 Is a rear elevational view of theoperafor^ sla- 
tton shown in Rg. 7; 

Rg. 9 Is a rear elevalianal view of the worfsfte 
shown in Rg. 7; 

Rgs. 10 and 11 are fragmentary side elevatfona) 
views of modified forms oi operator^ station and 
mani0uialor, re$pectively» fiaving Increased 
degrees of freedom: 

Rg. 12 is a skle ela/ational view of a modified form 
of operator^ station wherein dsplay means are 
positioned for (Srect viewing by the operator; 
Rg. 13 is a rear elevational view of the modfied 
form of operator^ statfon shown In Fig. 12;and 
Rg.1 4 shows a fragmentary portion of the insertion 
portion of an erwtosoope tbr use with tfie present 
invention. 

F^^ence now made to Rga 1-3 wherein the 
teieoperator system is shwn to include an operator^ 
station 20 (F^ 1 and 2) and worksito 22 (Rg& 1 and 
3). An operator 18 at tfie operator^ station controls 
manipulator means 24 at the remote worksite. Man^> 
lator means 24. oonpr isi ng right and left manipulators 
24R and 24L. respectivel)^ are used for manipiiaiing 
objects, such as object 26 which is shown located on a 
platfonn or base^ 28 within a wortopace 30 shown in 
brolen fnes. For purposes of niustrBtion only, and not by 
way of limitation, the right manipulator 24R is shown to 
comprise a fioudng 32R affixed to base 28 and from 
which housing a tel escoptc arm 34R extends. Th e inner 
end 34R1 of arm 34R is mounted for pivotal movement 
In any pivotal dlrectfon using conventfonal mourting 
means. For exanple. the inner end of arm 34R may be 
nfiouritBd for pivotal riuvarnent about a horizontal pivot 
axis 36 which pivot axis, in turn, is adapted for piU)tal 
movement about vertical axis sa 

Ann 34R toctodes telescopic Inner sedfon 34R1 
and outer eectton 34R2, which outer secten is adapted 
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both for axial mcvement into and out ot inner section 
34m and for lotation akxxit its longitudinal axi& An end 
effector 40R is canted at the outer end of the arm vvhkii. 
for pufpoeee of Uuetretion, is shown to comprise a Ohp* 
per. Motor meanSi not shcwvn, control pivolal movement 
of ann 34R about pvot axes 38 and 38^ axal and rotary 
mcvemant of outer ami section 34R2 along arxl about 
the ton^tudinal axis of the arm. arvJ opedng aid dos- 
ing of gripper 40R. The motor means* together with 
motor oontnoi circuits for oon^oi di ^e rna^oi^ msjf be 
included in housing 32R. The motors are under oontroi 
of a oomputsr 42 connected thereto through right 
maruputetor intefface 44R dtt6 the above-mentioned 
motor control circuits^ 

The left man^Ubtor 24L is of substantiany the 
same de^n as the right manipulalor 24R and the same 
reference numerals, but wflh the suffix L Instead of R. 
are used to id&nrfy similar ^mrts. For purposes of iOus- 
tiHtksn, the left end effector 40U shown In Rg. 3, is seen 
to oonprise cutting kilades which operaAe to cut in the 
manner of a pair of scissor ttefes. 

The workBfte is presided with a pair of video cam- 
eras 46R and 46L for viewing worfopace 30 from differ- 
ent angles for production of stereosoopic signal outputs 
therefrom at Ones 48R and 48L The angle r between 
tfie optical axes of the camsras ^ham in Fig. 3 is sut>- 
stantially equal to the operatoils interocular viewing 
angle T of an image of the wortQpace as shown In Fig. 
2. 

The video camera outputs at lines 48R and 48L are 
supplied to an image memory 50 for momentary stor- 
age of video fi^ of right and left images from the cam- 
eras. Fields of right and left Images from image memory 
SO are aHematBly s^led throu^ leftAlghl switch 
means S2 to visual (S^ay means 54. euch as a televt- 
sion monftora lor attemats display of the two Images at 
the fiaoe54A of the monitor. Timing and control means 
56 provide tMng and oontroi sigrate to various ele- 
ments of the systenx inclufing elements inctuSed in the 
stcreographic (fisplay system^ signal tin^ng and con* 
tiol of the system. If digital storage means 50 are 
enployed, then conversion of the camera signat outputs 
to dgilal signal form by analog to digital converter 
means prior to storage, and conversion of the (figital sig- 
nal output from leftfrfght swHch means to analog signal 
form in preparation for display al monitor 54 nmy be 
employed. 

An electrooplical darioe 58 at 1h e ftee of ttie displ^ 
means 54 controls polarization of Gght received from 
cfisplay means 54 under control of a leftfright synchro- 
nizing signal from liming and control unit 56. The left 
and right image fields are viewed by operator 18 wear- 
ing a pair of passive poiarizad glasses 60 having r^ 
and left potarizing elements 62 and 64 polarized in 
orthogonal directions. ThepolarizBtionof light from dis- 
play 54 through electrooptical device 56 is synchronued 
field by field such that the ri^ field i s ooduded from the 
left eye and the left field b occluded Item ttie right eye 
for stereographic viewing tiy the operator. Other means 



tor stereographic viewing of left and ris^ image fields 
are wen known, inducfing, for example, those using 
active stereographic glasses^ which may tM used to ttie 
practice of tNs invention to provide the op er ator with a 

5 stereosoopto view of the remote worfgpaca 

The vertical deflection oo9 connections for monitor 
54 are reversed, crn^ng the nrxxntor to scan from bot- 
tom to top ther^ creating a top-totettom inverted 
Image 301 of worlcpaoe 30. Letters a. b. c and d are 

70 used to Idenify oorrespondtog comers of 8ia worit- 
epace 30 and inverted worltsi^ce image 30L The 
inverted woricEpace image 301 Is viewed tiy the operator 
via a minor 68 at the top of a table 68. which mirror 
Inverts Im^ SOI to return the Image as viewed by the 

T5 operator to an upright position. Looking downwardly in 
the direction of the mirror, the operator views a virtual 
Image 30V of wortepaoe 30. In accordance with one 
aspect of the present invention, the image viewed by the 
operator, which In the Fig. 1-3 erribodlmant comprises a 

20 virtual image, is located adjacent controler means 70 
used by the opeiBtor for oordrol of man^lator means 
24atthewortefta 

Controller means 70 are shown located beneath 
the table top 68 and include right and left controllers 

25 72R and 72L for control of the respective right and left 
manipulators 24R and 24L The right and left controllers 
are of sutsstantiaDy the same design so that a descrqih 
tion of one apples to both. As with the manipiialorBi the 
suffixes R and L are used to distinguish elements of 4ie 

90 right oontroBer from those of the left controller. For pur- 
poses of llustration. arvJ not by way of limitation, the 
right contFoOer 72R is shown to comprise a support 74R 
af1i»d to the bottom of table top 68 and from which 
hand-cperated means 76R In the form of a telesoopk: 

3s control am\ or sticii, extends^ 

The rls^ and left control arms 78R and 76L are 
provided with the same degrees of freedom as the 
asscx^iated man^x^or arms 34R arxl 34L, respeo- 
tivety For example, the inner end of control arm 76R ie 

40 mounted for pivolal movement about a fiorizcntal pivot 
axi^ conesporving to manfpulalor pivot axis 36. wfich 
a»8^ in torn, to adapted for pii^ movement about an 
intersecting vertical axiSb oorrespondng to mEui^tolor 
a»e 38. Control arm 76R also includes inner section 

45 76R1 arvf oUer section 76R2, which outer section is 
adapted both for axial movwnent into and out of inner 
section 76R1 and for rotatfon about its longitudinal axis. 
It will t)e apparent that tfie oontroi arm 76R Is prwlded 
with tfie same four degrees of freedom as ttie assoct* 

so ated man^3ulator arm 34 R. Additionally, sensor means 
78R are located adjacent the outer end of outer arm 
section 76R2 for use in controlling grippng action of 
griper 40R. Similar sensor means 76L ac^aoent the 
outer end of control arm 76L are adapted for use in corv 

55 trdllng operation of scissor blades 401. 

Rigm and left controllefs 72R and 72L are included 
in a servDmachanfem system wherein mech a nical 
motion of control arms 76R arxl 76L controls the posi- 
fion of manipulator arme 34R and 341, and pressure on 
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sensor means 78R and 78L contrcte opening and d(»- 
ing of end effectors 40R and 40Urespectiveiy.(nRg. 1. 
rigM end left hand oonlroner Interl^cas 80R and 80U 
respective are shorn for oonnection of the controllers 
to computer 42. Servomechanisnis lor control of 
nmhariica)motionatarenToteloca!ior)drewen knoMm, 
Inciudino those which provide force and torque feed- 
bade fronn the manipulator to the hand<peratBd control- 
ler niean& Any suitable prior art seMmechanism nay 
be used In the practice of the present invaniioa wfih 
those incofpocating force and toniue feedback being 
particularly preferred for telepresence operation of the 
systent In the illustrated syeteni. right and 1^ nriicfo- 
phonee are included at the wortefte. outputs froni wNch 
microphones are an|3iaied by right and left ampGfiere 
and supplied to right and left spealceis at the opefatore' 
station for providing a sterecphonic sound output to pro- 
vide the operator with an audio perspective present at 
the workspace. In Fig. 1. only the right channel of the 
sterecphonic system \s shown Including right micro- 
phone 82R, right anvQier 88R and right speaker 88R. 
The left microphone and speaker are located dbvctty 
behind the recpedh^ rig^ microphone and speaker at 
the wortoite and operators control station as viewed In 
Rg. 1.0k>rk)u8iy»eaiphonesrTay be provided for use by 
the operator in place of the speakers wtttch would help 
to bkxic out cKtemai noises at the operator^ control sta- 
tion. Alsa in Fig. 1 a light shield 54B at the monitor is 
shown tor fatoddng dbect viowing of the monitor face tfjf 
the operator. 

Reference now Is made to Rg. 4 wher«n a sftnpli- 
tied dfeigiammatic view of the system fllustrated in Rgs. 
1-3 is shown and wherein various lengths and angular 
posiHors are identified tfjf reference characters In Fig. 
4, the optical path length between the cameras and a 
poini Fatthe wort^oe Is kfentHied by reference char- 
acter L A corresponcSng path length between the oper- 
ator^ eyes and pcM F at the virtual knage of Ihe 
worf^space is identified by the distance a*t, where a is 
the distance from the ey^ of the operator to mirror 66, 
ani b is the cSstance ikom the mfrror to pokit F at the vlr- 
tuel image. Other dimensione shown include the height 
Q of the cameras above the pivol point of man^xilator 
arm 34R and coniespomfng height g of the cperatorlB 
eyes above the pivot point of control arm 76R. With the 
control arm 76R at length d, the manlpulalor ann 34R 
acfusts to length IX Simitaify, witfi ttie control arm 76R 
at an angle Pa with the vertical, the manipulator arm 
34R is positioned at the eanie angfe fiom vertical. Ihe 
angle from vertical at whkii the cameras view the work- 
space and the eyes view the virtual image of the work- 
space is iderrtilied by o. 

Between elements of the worloitB and operator sta- 
tion, tfte following relationships pertain: 

a+b=kL, (1) 

d-kD.and (2) 



g°kQ 

where k is a scale factor constant. When k 
equals 1 such that a4>baL» d«D and g«Q,no 

5 seeing of worksite dffnenstons is required. 

Any scale factor may be enrptoyed, the invention 
not bdng limited to full-scale manipijlatkjn. For exam- 
ple, the worksite can be small, including microscopic in 
siza m which case the optical parameters, inchjcfing (fis- 

70 tance to object. Interooto dstanoe and focal ien^h. 
and mechanical and tfimen^onal parameters are 
appropriately scaled. 

By using apprcpriale scaEng and image magniica- 
tkxi and force and tor^iefeedbacK andby kx»tingthe 

15 image 30V of the worfcspace 30 adjacent hand-oper- 
ated control means 78R and 76U the operator is pro- 
vkJed wHh a stn^ sense of directly oontrofllng the end 
effectors 40R and 40L The operator is prc^nded with a 
sense that Ihe end effectors 40R and 40L and respec- 

39 live control anrne76R and 76L are subetantialy integral. 
TMs same sense of togetherness of the harvi-operated 
control means and end elfettuis b not provided fri prior 
art arrangements wherein the image viewed by the 
operator is not kxated adjacent the hand-operated oon- 

25 trol means. Even where the prtor art includes etereo- 
soo;^ viewing arvi force arvi torque feedt>ack, there is 
a feeing of (fiscormectednese of the tend motions from 
the visual image object being worked upon. Hie present 
kiventton overcomes this sense of dsoonnectedness by 

50 locating the workspace image where Ihe operator^ 
hands appear to emrcise direct oonlrol ever the end 
^iectorSw 

For smaO-scale man^latksn, such as rec^ired for 
surgteal application&k H Is desired to repBcato the visual 
as experience that a iTwiiature observer woukf have were 
he ck)selya4ac8nt the actual worksita In Fig. 5. the vir- 
tual eye ^ of a hypoth^ical miniature observer is 
shown viewing an actual workspaca Light from a 
soira at a pdnt X, X Z in the actual workspace pro- 

40 duces a stinulus on the miniature observei^ eye 90 at 
a point Mentified as InFig. 6baneye9Zafan 
actual operator ie shown viewing an enlarged image of 
the virtual workspace produced t>y means of a video 
camera 94 used to view the actual Mfkepaca The aius- 

45 trated camera Mudes a B{^-f eceivfng lens 96 and 
soikJ state ima^ng da^ such as a chargeKxxipled- 
device (CCD) anay 98 where the point nght source at X. 
Y. Z Is shown imaged at point X|. Yi. 4 With oorrect 
seeing, a oonresponcfing Dght source is produced at 

BO point MXf. MY|. MZj at either the real or apparent posi- 
tton of the face of the visual (fispfay which, due to stere- 
oscopic operation of the system appears to the operator 
to originate from point 1^ MY. MZ oorraspondlng to 
point X,Y.Z at the actoal worlQpace. At the retina of tfie 

55 actual eye 92, a stimulus Is produced at point )C at pro- 
portionately the same position as point X/M at eye 90 Of 
the hypot ha tfc a l ob^rvar. This relattonshtp is ensured 
by selecting a correctly scaled camera distance and 
lens focal teigth such tfiat tfie optical magniicafion 
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a M/My where M is the desired overal magnHica- 
tion and 18 the video magnmcalioa A typcal video 
magnificatioa which equals the ratio dl the CCD- 
anay 9S wkfth to tfte display widtfx ie about 40. 

Reference now is made to Figs. 7 through 9 
wh&ein a iTKXffied form of this invention is shown for 
mecfical usa Here» r^and left man^pulatDrs 100R and 
1 0OL are shown which are under control of right and left 
controllere 10^ and 102L respectively. Bemanls of 
the Imaging system are sii)dant!aily the same as those 
^rployed in the imaging system illustrated in Figs. 1 -3 
d8scrit)ed atx3ve except that an enlarged virtual Image 
104Vof actual wort^space 104 is provided for viewing ty 
the opeiator. Also^ servomachanisni efaments for con- 
necfion of the right and left controllere l02Rand 102L to 
the respective manipulalors 100R and 100L are sul>- 
stantiaOythe saine as those descrftrad atxwe with refer* 
&Ke to Rgs. 1-3. In the illustrated arrangement, the 
right and left manipulatars are of substantlaDy the same 
construction as are the ri^^ and left controllers^ such 
tliat a descflption of one man^Mi lat or and one controller 
apples to tiolli. Agah, sufftxBS R and L are used to dis- 
tinguish between right and left elements thereof. 

The mantpidaiors indude outer control sections 
100RA and 100LA and insertion sections 100RB and 
100LBL which insertion sections are adapted for Inser- 
tion into a body cavity through cytindricai tubes» or can- 
nulas^ not shown. For puposee of niustration. the 
man^putalors are stiown insertad through the abdoman 
wall 106of a subject Asia wel understood, for laparo- 
scopic surgical procedures, wall 106 is separated from 
internal organs by insufflation wherein a gas is intro- 
duced into the aixkvnen by any ajitable means not 
sfwwn. Man^njlator motors arei associated motor oon* 
trol circuils are contained in the outer control sections 
100RA and lOOlA of the man^lators tor control of the 
insertion section. The maripiialorSk together witfi a 
laparoscope 108 fer viewing or^ns witM the cavity, 
are carried by a fixed ral 110 forming part of a surgicai 
table upon which the subject is sipported. 

The Insertion sections 100RB and 100LB of the 
mar^xJlatorB may be of subslantiany the same design 
as manipulator arms 34R and 34Ldescrt>ed atxvewfth 
r^ence to the Figs. 1^ entxxSment The insertion 
sediofG are of reiafively smal size for inside the 
bafy Insertion section 100RB includes telescapic Inner 
section 112R1 and outer section 112R2, which outer 
section is adE^ated forkxith axial movoment Into and out 
of inner section 112R1 and for rotafion about its longitu- 
(final axis. End effectors 114Rand 114L ere carried at 
ttie outer ends of the respective right and left sections 
112R2 and 112L2 for manipulation of or^ 11& The 
Inner section 112R1 Is adapted fbr pivotal movamant 
about intersecting perpendicular axes located subetar^ 
tiaHy at point P where ttie IrBertion section Intofsects 
wan 106. Exclusive of cperd^ of end effectors 114R 
arxJ 114L the manllpulator arms each are provided with 
four degrees of freedom, ttte same as In the entxxi- 
ment shOMm in Rgs 1-a. End Sectors 114R and 114L 



sirr|3ly m^ comprise, essentiaDy, microsurgical instru> 
ments with th^r handles renwed including, tor exano- 
ple^ retiBCtorsc etectrosirgical cutters ard ooagulators, 
mi cro fo r c eps, nticro n eedle holdefs, dissec&ig sossors. 

5 blades. Irrigators, and sutures. 

Laparoscope 108 tor viewing the woricsf^fcce 104 is 
shown conrprising an outer operating section 108A arxi 
insertion section 108a The outer end section 120 of 
insertion section 108B is axiaily and nMatfy movable 

10 wid)lntielnn6f erd IZZtharedLand^prcvidedvi^a 
pcdr of image transmissicn windows 124,124 for stereo- 
scopic viewing of woricspaoa 104. The laparoscope also 
is provided with illuminating means, not shown lor iitumi- 
natfng the wortepace, and with Iquid hilet and outlet 

15 means, not showr^ for flow of liciuid past the windows. 
Video camera means within section 108A are respon- 
sive to Dght receivBd through the viewing windows for 
generation of left and right electronic images at output 
lines 4dR and 48L for connection to image menrxvy 50. 

20 A magnified 3-cfimensional image 1041 is produced at 
dfeplay means 54 for viewhg by the operator wearkig 
crosspdarized passes 60 via nirror 6a As with the 
ennbodiment shown in Figs 1-3, a virtual image 104V of 
the woricpace 104 is produced acQacent oonlrol arms 

25 130R and 130L of controO&s 102R and 102L Control 
arms 130R and 130L arB of the same type as control 
arms 76R and 76L included in the Rgs. 1-3 embodi- 
ment de8crB)ed akxivei They include teleecopic innef 
and outer sections 1S2R1 and 132a and 132L1 and 

90 132L2.Sensormean8l34R and 1341 located adfacent 
the outer ervis of the control arms control operation of 
end effectors 114Rand 114U respectively, in the man- 
ner described atxivewilh reference to Figs. 1-3. It here 
wfll be noted that the angle from vertical at which the 

9s image is viewed by the operator need not equal the 
angle llrom vertical at which the objiecl Is viewed by the 
cameras. In the arrangement ilustrated in Figs. 7-9i the 
operator is sfiown to view ttie image 104V at an an^e 0 
from vertical (Fig. 7) whereas the ol^ 116 is shown 

40 as viewed directly downwardly. With no external refer- 
ence, the sense of vertical within a body is not particu- 
larty great and no confusion is produced in the mM of 
the operator as a result of the cfiffisrent observer and 
camera viewing angles relati^ to verticaL 

4S WHh the Flg& 7-9 embodiment rwt only Is a magni- 
fied virtual irmge 104V of the wortepace provided for 
viewing by the operator, but control arrvQ 130R and 
ISOLof ^eater length tlian the length of the maidpufa* 
tor insertion sections 100RB and 100LB are employed. 

so Servomechanism scaling of axtei movement of the teie- 
ecoptc comnol arms is preyed such that anal exten- 
sion or r^ractkxi thereof results in a ^nall^ extension 
or retraction of the telesoopic Insertton section& Angu- 
lar pivotal motion of the control amns 130R and 130L 

ss pro d uces the sams angutar pfvotal motion of Insertion 
eectione lOORBand lOOLQ, and rotational movement of 
the end sections 132R2 and 132L2 of the control arms 
pro(&x»s the same rotational motion of end sections 
112R2 and 112L2 of the insertion sections of the right 
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and ielt nianipiifltorQ^ without scaling. This Cjnte(fii'n€nt 
of thd inventoi, with rts vnaQfiSiQti utiago^ is of pafticuSar 
tiss in ftw area of iTilcfostfgafjfr and e spa d aDy in Ihose 
casas whsfB tho surgaon cannot feach an area by liand 
because of size constraints^ 

The presait Invention is not limiled to use with 
manipuiaiors having any particutar nunter of degrees 
of freedom ManfjulatDre with dffierent degrees ol free- 
dom which are weO Iviown ^ the art may lie used In the 
pradioe of Ms inv«Tt!oa In Flgsu 10 and 11, to whSch 
reference now is made a controller 140 and manputatx 
142. respecDvety, are shown which Indude a wrist JoM 
to provide the same with aOMonai freedom of move- 
menL The inustrated oonlFoOer 140 fnckides a hou^ng 
144 affixed to the bottom of table top 68 upon which 
table mirror 66 is loca te d, An erteiiged virtual Image 
146V of actual wortepaca 146 provbied ecjyacent the 
operator^ hand 148 viewable by the operator when 
looidng downwardly onto the mirror 66 In a manner 
described above. 

A control arm ISOLoonprteing Inner and outer 860- 
tions 15DL1 and 150L2. respadivdy. is mounted wItHn 
housing 144 for pivotal movement in any pivots direc- 
tion as lndk»ted fay intersecling double-headed arrows 
152 and 154. The outer section 1S0L2 is aetepted for 
axtal movement Into and out of inner section I^LI in 
the direc6on of doubl&teaded arrow 156. It also is 
adapted for itrialion about its iongitudbial avis in the 
direction of doufata-haaded arrow 15& h this embodi- 
ment, the control arm indudee an end section 160 piv- 
otBlly attached to outer section 150L2 by wrist joint 162 
for pivotal movm&it in the direction of double-headed 
arrow 164w End section 160 oorrqarises axidly aignad 
Inner and outer sections 1 60A and 160B^ the outer seo- 
tkin 160BofwhwhisrotaiableaboutitslongitudbTalaxie 
In thediredion of double-beaded arrow 16a As with the 
above-deecribed arrangements sensor means 168 are 
located adjacent the free end of the oontrd arm for 
operation of an &id effector 170 at mar^pulator 142 
shown in Fig. 11. 

Referring to Fig. 11. end effector 17D Is shown to 
comprieeapair of movable ^Mfsatlached tea wrisi 172 
oompri d ng axiaBy aHgnad Gnte 172A and 172Bw Outer 
link 172B is roiatable about its longitufinal axis relative 
to inner link 172A by motor means, not shown, in the 
direcfion of doi±le4ieaded arrow 166M In resporra to 
rotafion of sec^ 160B of the hand-operated control 
unit In thediredkm of enow 16& WHst link 172A ispfv- 
otally attached to maniputedor forearm 174 for pfvotal 
nmemenl fri the direction of double4ieaded arrow 
164M in re^xnse to pivotal movment of end sectton 
160 of the hand-cp^aled control means about pivot 
axis 162. Forearm 174 Is longitudtnaily axlaily movable 
in the direction of double-headed arrow 156M in 
response to axial movement of outer section 150L2af 
oontrd arm 150L in 0ie direction of doutsl^headed 
arrow 156. It also Is rotalafale about teksngltudinal axis 
in the direction of doU3ie-headed enow 158M In 
response to rotation of outer section 150L2 of control 



arm 150L in the direction of double-headed asram 15a 
Additionaly, it '0 pivotaDy nmable about pdnt 1 76 in &ie 
directions of dodble4ieaded anows 1S2M and 154M bi 
response to pivotal mcMmeni of contiol arm 150L in 

5 Itte diredkMts of doii}le-headed arrows 152 and 154» 
re^>edivdy. For biomedical use^&ich as remote lapar- 
osccpto surger); pivot pokit 176 Is substantialy located 
at the Iml of abdominal waO 178 through whkii the 
manipulator &eterKls. in Fig. 11, manipulator arm 174 is 

ro stiown eodending through a cannula 160 which pene- 
trates the abdon^nal wall. 

The outer operating erxl of 4ie manipulator is 
adapted for attachment to a supporting rail, rwt dxywn, 
of the surgery table upon whkiY the sut^ect b sup- 

15 ported. It indudes an end effector drive motor 182 tor 
opening and dodng of gripper 170. WHst drive motor 
184 controls pivotal movement of wrfel 172 In the dlreo- 
lion of douUe-hesled arrow 164M. and extension drive 
motor 186 controls axial moventent of man^lator arm 

20 174 in the direction of double-headed arrow 156M. 
Forearm pivotal control motors and llrtkageSb Identified 
generaly by reieranca numeral Iffl, provide for phMslal 
movemen t of arm 174 about pivot point 176 kitftedirec- 
tkMis of arrows 152M and 154M. Pivotal motion about 

^ pdnt 176 Is provided by simultaneous teteral movemen t 
of the outer operating erxl of the nenixilator and pfvotal 
movement of arm 174. Movements are coordinated 
such that the center of rotation of forearm 1 74 is fixed in 
space at pokit 176 el the level of the abdomtnal wall 

so Contfoller 140 and manipulator 142. are induded in 
a system Buch as shown in Rgs. 7, 8 and 9 which 
includes a second controler and marepiiator lor use by 
the operator^ right harxl, and associated servomecha' 
nism means of any suitat)le type, not shown, for remote 

as control of the manipulatorB by the hand-eperated oon- 
troOers. Video camera means et the worteitB. such as 
shown in Fig. 9, together with display means, such as 
shown In Fig. 7. are errpfoyed lor providing the operator 
with an image of the worfcepace at a location acQacent 

40 the left and right han(H)perated contrd meana. By 
using manipulators with a wrist Jdnt an added degree 
of freedom ie prc^rided for increased maneuverak)ili^ 
arvi usefukiess thereof. However, as noted atxive^ the 
present ir^^on is not limited to use with manipulators 

45 with any particular degree of freedom. 

Reference now \b mads to F^. 12 and 13 wher^ 
a modified form of this invention is dXMi which pro* 
vkies for dired viewing of a 3-<imer)s»nal image 240 1 of 
a workspa c e^ not diowa In Rgs. 12 and 13, only the 

BO operator^ station is shown, wfrichfndudes right and left 
controlers242R and 242L and associated rigtit and left 
hand-operated means 244R and 244L which may t)e of 
the same type as controllers arxJ control arms 
deecribed atovei The operatoi'e station ie a d apte d for 

65 remote control of manipulators vifhichfilso may tie of the 
alx)ve<leeorfoed type. Ihe 3<limen8ional irnage 2401 of 
the virortepaoe Is provided by visual dlsF^ means 246 
In coriiunction wfth eledrooptical device 58 at the fece of 
tie dtepl^ meane and oossitolarized glassee 60 worn 
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by the operator, to which display means left and right 
video fieUft from left and riglhl video camem 
the wDftapace are atternate^ sqspDed. bU in 
t\& descrbed in deiafl above. End effector and dbject 
Images 248 and 250, respectively; are shown wHhtn the 
worte|»ce image as viewed by video cameras at the 
workslta The d^ptay means 246 te located ad^tt»nt the 
left and ri{^ hand^)perBtad means 244R and 244L for 
cSrect viemng by the operator. WHh this arrangement, 
the end effector and dt^wA Images toge^er with the 
tmnd-oprnted means 244R and 244L are sinultane- 
ously viewable fay the operator. Since the hand-oper- 
ated means also are visible, the operator is provided 
with a visual sense of connection between the end 
effector means and hand-operated means whereby 
they appear substantialy as being integral. 

Reference now Is made to Fig. 14 wherein the d^ 
end portion, a tp. 260 of the insertion section of an 
endoscope Is shown which Is of substarttiany the sanie 
type as shown in the above^nentioned putiication en^ 
tied -IntiDduction 1o a New Prpiect tor Naltonal 
Research and Development Program (Larg&scale 
ProiecQ in FY 1991" wtuch enttoscope may be used in 
the practice of the present invention. The insertion end 
of the endoscope includes a pair of spaced viewing win- 
dows 262R and 262L and an Sumlnation source 264 for 
viewing and illuminating a worlopace to be observed. 
Light received at the windows is focused by objective 
lens means, not ^lown, and transmitled through fbar- 
optic bundles to a pair of cameras at the operating end 
of the endoscope!, ntil shown. The camera outputs are 
converted to a S-dimensional image of the work^ace 
which image Is located adjacent hand-operated means 
at the cparator^ station, not shown. RIgM and left steer- 
able cath^ere 268R and 268L pass through accessory 
channds In the endoscope body; which catheters are 
adapted for extension from the distal end portion, as 
IQustrated. End eflectDrs 270R and 27DL are provided at 
the Mfo of the catheters which may conprise conven- 
tional endo sc op i c instruments. Force sensors, not 
shown, also are inserted through the e n d o sc ope dhan- 
nefo. Steerable catheters which include control wires for 
controifrYg bendvig of ttie catheters arvi operation of an 
end effector suitable for use with t^ invention are wel 
Known. Control motors tor operation of the corrtroi wires 
are provided at the opeiHting end of the endoscope 
which motors are included in a servomechanism of a 
type described above tar operation of the staerBble 
catheters and a s soci a ted end effectors from a remote 
operatof's statfoa As with the other enfoodlments, the 
int&focing corrfxiter in the servomechanism system 
remaps the operator^ hand motion into tfie coordinate 
system of the end effectois^ srd bnages of the ervl 
effectors are viewatile adjacent the liandKiperaied cor^ 
trotlers In a manner described abwa With this entxxfi- 
ment, the operator has the sen^tion of reaching 
throi^ ttie endoscope to put his hands directly on ttie 
end eflectors for control thereoL Endbsoopes of differ- 
ent types may 1)0 employed in thie embocfiment of the 



invention so long as they include one or more accessory 
channels for use in control of enti effector means^ bsi6 
suitable viewing mears for use in providing a visual dte^ 
play of the wortcspace. For exan^ple; gastric, coton* 
5 soopfo; and like typei endoscopes nriay be employed. 

Ihe invBTtion traving been desofoed m d^ in 
accordance with requirements of tfie Patent Statutes, 
various other changes and modifications wiQ simest 
themsdvas to those skilled in this art For GKBmple. as 
19 noted above, ttmlnvenrtionrnay Include the use of tactile 
feedback to provide the subtle sensations for palpation 
arvi for mardpufating tissues and in^ments. 1b pro- 
vide this feedbacK tactae sensor arrays may be 
Includad on the end effectors which are coupled lo tao- 

19 tile sensor Stimulator anaye on the han(H)perated con- 
trol means, which reproduce the tactile eensation on the 
operator^ ^rnnds. Avarlety of transduGfiontechnofogles 
tor teleoperator tactile sensing are known indufing 
resistivQ^onductlve^ semtoond u ctor. piezoelectric 

20 capacifive and photodectrio. Hand-operated control 
rrtears arvl man^Matars d dlffsient types may tie 
enpbyed using a wkJe variety of well-hnown media- 
nisnrs and ^ectromechanical elements induding, for 
eocanpla, ^mbals, lintaigesi pulleys, cat)les» diva beRs 

25 and bands, gears, optical or electromagnetic position 
encoders, and angular and linear motors. Force feed- 
back to the operator requires use of body contact with 
hand-operated control means. Both hand grfp type hand 
Gontrollers such as those lihjstraled, and control brace 

30 type hand controflers are wel adapted for use with the 
present invention tor toroe feedback to the operator. 
Control brace (^nd oontroQers indude use of structuree 
with poative sensors mounted on the operator at Joints 
for measuring Joint angles. Force feedback then can be 

SB applied to each jdnt Simiarfy. t^ht fabric glovee with 
variaUe-redstance or ffoer-opdc flax sensors mounted 
on tfieidnts for measuring bending of individial fingers 
may be used. Gtoves of tMs type also may be provided 
with force feedback to provide for tdepresence inters^ 

40 tion with real ot^ects. Regardlees of the ^ of hand- 
operated control means empfoyed, an innge of the 
woriopace is produced acQac^ thereto to provide the 
operator wHh a sense that the end effector means and 
hancKoperated control means are sitetantially integral. 

45 AlsaasnotBdabove,6ervQmechani5msof rrsny differ- 
ent types are well known in the robotic and teieoperBtor 
systm artSk and the inventton is not invted to any 
ficular typa Those that Include foroe and torque feed- 
back to the operator are prefened to coi ill touts to a 

BO tetefvesencasenseof operation. In addHton, many di^ 
ferent means tor produdng a stereoscopto image of the 
woritfpace are known. For eaeurvle^ instead of using 
two cameras^ a single camera may t>e enptoyed 
together with switched cross-poiarizvig elements in fte 

55 Image rsceMng path. In this case, a pair of spaced Ster- 
eoscopic lenses are used for viewing tfie wks pa ce 
from cfifferent angles and providing first and second 
Im^es thereof to the camera. In the Fig. 9 arrange- 
ment wherein a laparoeoope is shown, other types cf 
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enckm)pe6 be used for vi ewing tfie woilQpace. As 
noted 9dC)ove» the in\^rttktti is fK3t IM^ 
appIiGBtfonorus&lnlhabtomediGal field, uses indudei 
for exanple, open eufoery, indudins suroery from a 
rsmotB locafion, niiuo&urQefy, and fnlnbnum Inv&sh/e 5 
StfQ&y AJCh as laparoscope and enOosco^o oirgery. 
Laboralory use tndud^ rrtoosoopic mar4>i^on also 
is ujti iw i ip iatBA indusfaial use of the invenllon induda> 
for exainpte, hazaidous materia handfing^ remote 
opmtionSk microassen^ and the ilka MHary and ro 
undersea use of the.teieopefalor eye^ of this ^em 
are apparent 

Claima 

16 

1. An en do so op fc surgical i nstru me nt (142) comprisp 
Ir^ a oontrol section (143) and an insertion sectfon 
(145). the insertion section (145) being adapted to 
bo irseried Into a patient through a smali Incision 
(180) to a location adfacent a woriQite (22) in the 20 
patient; 

wherdn the Insertion section (145) 
prises a forearm fink (174), a wrist fink (172) and an 
end effector (170). wherein the foreann link (174) 
has a proximal endt a ditiai end and a forearm axis 25 
extending knigitudinally from the prcnnial end of 
the forearm Ghk (174)tothedtetalendof thefoie- 
amn fink (174), the wrist link (172) has a praodmal 
end and a distai end and a wrist axis extending from 
the prosdmal end of the forearm link (174) to ttwdte- so 
tal end of the forearm link (174), the proodmai end of 
the forearm link (174) is c»inected to the control 
BBtiSm (143), the cfisial end of the forearm link 
(174) Is connected to a plvotai wrist Joint, and the 
pfoximal end of the wrist EnkO 72) ie connected to ss 
the pivotal wrist ioint and the cfistal end of the wrist 
fink (172) is connected to the end effector (170). 
uidiacienzEO in uui. 

the control sectksn (143) conprisee a plurality 40 
of control motors and linfcages (18% 184. 186, 
188) adapted to operate the insertion section 
(145) wHh at least five degrees of freedom 
inducfing: 

45 

Irsertton arxi retractkxi of the fiorearm link 
(174) along the forearm axis and through 
0ie6mBD[ndsk3n(18O}: 
rotafion of tfie forearm ink (174) ak)out the 
forearm axis; so 
pivotal motion of the forearm Gnk (174) 
about a flrst pivotal axis and a second piv- 
otal axis which are perpendicular to each 
other and intersect ttie forearm axis at a 
pivol point adjacent the smafl Indston ss 
(180): and 

pIvolBd moSon of the wrist link (172) rela- 
tive to forearm frtk (1 74). 



2. The ervtoscopic sugical instrument (142) as 
described in daim 1 wherein the wrist fink (172) 
comprise s an inner link (172A) and an outer Onk 
(172^ and wherein the control section (143) is 
adapted to operate the insertton section (145) with 
at least six degrees of freedom including movement 
of the outer Dnk (172^ of the wrist link (172) rela- 
tive to the inner link (172A} of the wrist Unk (172). 

3. The erxfoscopic stwgk») Instrument (142) as 
desorbed in daim 2 wherein the outer tirk (172B) 
of the wrist Onk (172) and the inner Dnk (172^^ of 
the wrist fink (1 72) aro axial)/ aligned and wherein 
the control sacflon (14^ is adapted to rotate the 
outer link (172B) relative to the inner fink (172A). 

4. The endoscopic siagk»l instrument (142) as 
described in daim 1 wfierein me end eff^tor (1 70) 
oonprises a firet element and a second element 
and wherein the control section (143) « further 
adapted to move the first element refaUva to the 
second elemenL 

5. The endoscopic surgk»l instrument (142) as 
described in dMm 2 wherein the end effector (1 70) 
Gonprises a fvst element and a second element 
and wherein the control section (143) to furtfter 
adapted to move the finst element relative to the 

6. The endoscopic suigk»l instrument (142) as 
descri)ed in dam 1 wfierein the end effector (170) 
oonr^ses a surg^ inbt m ne iit (142) head 
selected from tfie group of retractors, electrosurgl- 
cal cuttefSL electrosurgical coaguSatofSw foroepek 
noodle holders^ sdssors^ blades and MIgators. 

7. The endoscopic siMgk»l Instrument (142) as 
described in daim 1 wherein the control section 
(143) is adapted to befixed to a siwort raa (1 10) of 
a surgical table for support of the sunjical mai^pu- 
lator during surgery. 

8. An e n d os co pi c surspcal instainnent (142) compris- 
ing an insertfon secfion (145) and a oontrol sedkxi 
(143), the insertton secfion (14^ b^ aefapled to 
be inserted into a patient through a smaD indskvt 
(180) to a kxafion acqaoent a worksite (22) In the 
patient; 

wfierein the irserlbn sectxKi (145) com* 
prises a for^rm link (1 74), a wrid link (1 72) and an 
end effector (170); wheran the forearm link (174) 
ftas a pruxfeiiul end* a distal end arxi a forearm axis 
extending longptudinany finom the proximal erxt of 
the Ibreerm to the distal end of the foreann; fttB 
wrist fink (172) has a proBdmal end and a distal end 
and a wrist axis extming fhxn the proodnrral end of 
the Ibrearm to the distal end of the fdreamn; die 
proodmstf end of ttie forearm rmk (174) is connected 
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to the control section (143), the distal end of the 
forearm ink (174) is connected to a pivotal wrist 
ioint: and to prcDdnral erii Gf the wrist link (172) Is 
oo nn ec te d to the piwotal wrist joint and the cSstal 
erxi of the wrist Qnk (172) connectBd to Ihe end 
^fector (170); charactartzed In that 

the control section (1 43) oonpris^ 

means for Inserflng and retracing the fore- 
ami link (174) atong the forearm axis and 
through the snrtaD Mskm (IK)); 
means for relating the forearm rmk (174) 
alxxit the forearm axis; 
means for pivoting the foreann fink (174) 
about a first pivotal axis and a second pfv>- 
otat axis which are perpendiaiar to each 
other and intersect the forearm axis at a 
pivot point Bctacert the smal fodslon 
(180); and 

means for pivoling Ihe wrist frik (172) rela- 
livB to lha forearm Dnk (1 74) so as to con- 
trol the angle t)etween the forearm axis 
and the wrist axis. 

9. The surgical manq3uterior as described in dakn 8 
¥vhere'n the wrist link (172) conprises an inner link 
(172A) and an outer ink (172B) and wherein the 
control sedton (143) further ooirprises means for 
moving the outer ink (172B) of the wrist link (172) 
relafivB to the Inner link (172A) of the wrist link 
(172). 

lOi The surgical marripulator as descrfoed in dakn 9 
wherein the outer link (172B) off the wrist link (172) 
and the Inner Ink (172A) of the wrist M (172) are 
ax^ly aligned and wherein the control sectfon 
(143) further oonrfxlses nrieans for rotating the 
outer fink (172B) relative to the Inner ink (1 72A}. 

11. The surreal mar^xiator as descrfoed In dalm 8 
whera'n the end effector (170) conprisee a first ele- 
ment ard a second element and wherein the con- 
trol section (143) further conprises noeans for 
rmving the fiist element relative to the seoorvi el^ 
ment 

12. The surgical manlpulalor as descrfoed In dalm 9 
wherein the end effMor (1 70) comprises a first ele- 
ment and a second element and wherein the con- 
trd section (143) further conprisee means for 
rrviving the firet element relative to the second el^ 
ment 

13^ The surgical manltpulator as descrit)ed In dabn 10 
wherein the end effodor (170) oon prisi ng a surgi- 
cal Instrument head ^acted from the group of 
retractors, elactrosurgica] cutters^ electrosur^cal 
oo ag i teto ffB^ fncepeb rieedle holderBb edssorSk 



bladee and irrigators. 

14L The surgical man'pulator as descrfoed in daim 10 
whmin the contrd section (1 43) hirlher oomprisee 
8 means for mounting the oontrd section (143) on a 
support rai (1 10) of a surgical table for supporting 
ttie surgical manipulator during a suiigfcal proce- 
dure 
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(54) An endoscopic suigical instrument 

(57) An erviosooplc surgical irstrument (142) com- 
prising a conlrel section and an insertion section, the 
Irserllon secfon beino adapted to be Irsefted Into a 
patient through a small incision (180); wtieran the inser- 
tion section (145) oonprtses a forearm Wrk (174). a 
wrist ink (172) arvl an end effector (17D), wherein the 
forearm link (1 74) has a proodmal &xJ, a distal end and 
a Ibreami asds extendi ng kKigftudinally from the proxi- 
mal end of the ibreami link (1 74) to the distal end of the 
ftrarni link (174). Oie wrist link (172) has a praodmal 
end and a di^ &id and a wrist axis extmSng from the 
proxin^ end of the forearm link (1 74) to the (fistal end 
of the fcxearm llric (174). the proodmal end of the fore- 
arm Gnic (174) is connected to tfte control section (143), 
the distal end of the lOTearm BrA (174) te connected to a 
pivotal wrist joinu and the prodrnal end of the wrist rmk 
(172) Is connected to the pivotal wrist ioint and thedlstBl 
erd of the wrist fink (1 72) I s connected to the end effec- 
tor (170). characterized in that the control section com- 
prfees a pjurality of control motors and iinka^ (182, 
184.186b 188} adapted to operate the insertion section 
witii at least flvedegrees of freedom Including: insertion 
and reirac&on of a forearm link (174) atong the forearm 
axis and through the smaD incision (180); rotation of the 
forearm fink (1 74) about the fcKearm axis: pivotal motion 
of the forearm On k (1 74) about a ffst pivotal axis and a 
second pivotal axis whtah are perpencGcular to each 
other and i nt g fsec t the forearm axis at a pivot point 
Bd|acent tfie small incision (180): end pivolal rmtiuii of 
a wrbt Dnk (172) relaBve to the forearm link (174). 



Fig. 11 




170 



I72B 148 



PifetMlby Rank Ami (UK) BwfeiMft SwvloM 



EP 0 776 738 A3 



Office 



EUROPEAN SEARCH REPORT 



EP 96 26 3539 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation rfdpqiMaititkk inirrtMi iWftotii T rip t i i i i , 



O-ASSmCATKM OF niB 



P.A 



OE 42 13 426 A {OLYHPOS OPTICAL CO.) 

* colimn 11, line 20 • coliom 12. line SI 

* colunn 27, line 52 - line fi2 * 

* coliom 29, line 66 - colunn 30, line 53 

WO 92 16L41 A (UILK) 

* page 5. line 1 - line 32 * 



1-14 



B25J3/04 
A61B19/08 



1.3-6. 
8-13 



mwocALnoDs 



B25J 
A61B 



THE HAGUE 



26 Nay 1997 



Laninineur» P 



CAItCOSV OV CmO DOCUMINIS 



T:flMHyw|rkKlpto 




2 



